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Details of soil sampling locations and procedure in the experimental fields Figure S1 gives a schematic presentation of the experimental fields in this study. Field A, Field B, and Field C, having a size of 30 m × 34 m, 100 m × 36 m, and 55 m × 36 m, respectively, were divided into prolonged flooding plots and water-saving plots. For the determination of dissolved As and Cd concentrations, Fe(II) content, and air-filled porosity of soil, undisturbed cylindrical soil cores were collected at different depths and times during rice growing seasons.
Fig. S1
. Schematic presentation of sampling locations in the experimental fields. Undisturbed soil cores from 0-15 cm depth were collected at several locations depicted by dashed circles in the fields.
Core samplings were conducted at the midseason drainage (Fields A and B in June 2009) , at the heading stage (Fields A and C in August 2010; Field C in August 2012) , and at the pre-harvest drainage (Fields A and B in September 2008; Field C in September 2011) . According to the data acquired at the nearest station of the Automated Meteorological Data Acquisition System of the Japan Meteorological Agency, located approximately 15 km from the experimental fields (Fig. S2) , total rainfalls of 55 mm and 32 mm were observed within 3 days before the preharvest samplings in 2008 and 2011, respectively, but otherwise no rainfall occurred within 4 days before sampling (Japan Meteorological Agency, 2017) . On each sampling occasion, two to three soil cores were collected at interrows from each circle, approximately 2-4 m in diameter, in the fields (Fig. S1 ). The total number of sampled cores was 6 to 15 in each plot. For sampling undisturbed soil cores from 0-15 cm depth, three stainless steel core samplers, each having an inside diameter of 5.0 cm and 5.1 cm long (DIK-1801, Daiki Rika, Konosu, Japan), had been tightly connected together with a polyvinyl chloride tape. The sampled cores were immediately sealed, sent to the laboratory, and separated into 0-5 cm, 5-10 cm, and 10-15 cm depth parts. The separated soil cores were weighed, and kept in a refrigerator at 5°C until analysis. For each field, several soil cores sampled at different depths and times were air-dried, mixed and passed through a 2-mm sieve to make composite samples for the determination of soil properties listed in Table 1 in the main text. The remaining soil cores were used for the analysis of dissolved As and Cd, Fe(II) content, and air-filled porosity of soil.
Determination of dissolved arsenic and cadmium concentrations, iron(II) content, and air-filled porosity of soil
Pore solutions in the soil cores were extracted by centrifugation. In the extractions in 2008, 2009 and 2010, approximately 40 g of wet soil was weighed, transferred into polypropylene centrifuge tubes, and centrifuged for 10 min at 15000 rpm (20000 × g). Extracted pore solution was obtained as a supernatant. In the extractions in 2011 and 2012, 130-160 g of wet soil was weighed, transferred into perforated extraction cells equipped with a filter paper (ADVANTEC 5C, Toyo Roshi, Tokyo, Japan) at the bottom, and centrifuged for 10 min at 11000 rpm (15800 × g) using a soil solution extraction rotor (R11D2, Hitachi Koki, Tokyo, Japan). Extracted pore solution was obtained as an outflow solution. The extracted solutions were filtered through a 0.20-μm PTFE filter (DISMIC 25HP, Toyo Roshi, Japan) and, if necessary, diluted with ultrapure water purged with N 2 gas. 
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A 0.5 mL aliquot of 7% (w/w) HNO 3 was added to 4.5 mL of sample solutions to prevent precipitation of Fe(III) (hydr)oxides (Arao et al., 2009) , and 0.5 mL of a solution containing rhodium and tellurium both at 250 μg L −1 was added as internal standards. The solutions were analyzed for As and Cd by inductively coupled plasma-mass spectrometry (ICP-MS) (ELAN DRC-e, Perkin-Elmer Sciex, Canada) after storage at 5°C until analysis. For soil cores sampled from Field C in 2012, dissolved As(III), As(V), MMA(V), and DMA(V) concentrations were also determined. The analysis was made by high performance liquid chromatography (PU 712i, GL Science, Japan) / ICP-MS (ELAN DRC-e, Perkin-Elmer Sciex, Canada) with a separation column (SuperIC-Anion HS column, Tosoh, Japan), using 10 mM ammonium acetate as the mobile phase.
Iron(II) content in soil was measured after extraction with 1 M acetic acid-sodium acetate (NaOAc) buffer at pH 3.0, which is known to quantitatively extract solid-phase Fe(II) as well as dissolved Fe(II) in soil (Motomura, 1970) . Five gram of wet soil was transferred from the soil cores into a polypropylene bottle, and 50 mL of 1 M NaOAc buffer was added. After shaking with a reciprocal shaker for 5 min, followed by filtering through a filter paper (ADVANTEC 5C, Toyo Roshi, Japan), Fe(II) concentration in the filtrate was determined by the 1,10-phenanthroline method (Loeppert and Inskeep, 1996) with a spectrophotometer (Ultraspec 3000, GE healthcare, UK).
For soil cores collected from Field C in 2011 and 2012, pH and dissolved inorganic carbon (DIC) concentrations in the extracted pore solutions were also measured, with the latter determined by a total carbon analyzer (TOC5000, Shimadzu corporation, Kyoto, Japan). From the measured DIC concentrations, dissolved HCO 3 -concentrations in the extracted pore solutions were calculated, assuming that activity coefficients of dissolved carbonate species were at unity.
The remaining soil from each core was oven-dried at 105°C for 24 h to determine gravimetric soil water content, w (kg kg −1 ). Bulk density, ρ b (kg m −3 ), volumetric water content, θ (m 3 m −3 ), and air-filled porosity, ε (m 3 m −3 ), of the soil cores were calculated from the initial mass, M (kg), and volume, V (m 3 ), of the wet cores using the relations
where ρ w (kg m −3 ) and ρ s (kg m −3 ) are the densities of water and soil particles, respectively. 
Determination of threshold air-filled porosity for arsenic immobilization
Dissolved As concentration was found to be appreciable only when air-filled porosity was below a threshold value for each depth and sampling time in the fields. In determining the threshold air-filled porosity, ε th , above which dissolved As is immobilized, care was taken so that an increase in the number of samples should not yield a less reliable estimate of ε th . This care was taken because increases in the sample number often entailed a larger probability of the presence of outliers in the measured quantity. To avoid possible effects of outliers on the estimate of ε th , we adopted dichotomy of the samples with respect to air-filled porosity and dissolved As concentration. First, soil samples are divided into two groups: those having an air-filled porosity, ε (m 3 m −3 ), equal to, or higher than, an arbitrarily specified value ε 0 (m 3 m −3 ), and those having ε lower than ε 0 . For each group, the numbers are counted of samples having a dissolved As concentration, [As], equal to, or higher than, a reference dissolved As concentration, 
and identify ε th by seeking for ε 0 which gives the maximum value of f(ε 0 ). If ε 0 is too low, many of the samples in the higher air-filled porosity group (ε ≥ ε 0 ) have [As] ≥ [As ref ] so that n 4 is not sufficiently large relative to n 3 . Conversely, if ε 0 is too high, many of the samples in the lower air-filled porosity group (ε < ε 0 ) have [As] < [As ref ] so that and n 1 is not sufficiently large relative to n 2 . Only when ε 0 is identical, or very close to the threshold air-filled porosity for As immobilization, f(ε 0 ) is expected to have a maximum value. Computing f(ε 0 ) for a series of ε 0 values, we identify ε th for the As immobilization. Table S1 illustrates, as an example, the identification of ε th for soil at 5-10 cm depth in the Field A. The reference dissolved As concentration was arbitrarily taken as 1.5 times the average dissolved As concentration, across different depths, of the samples with ε ≥ 0. Fig. S3 . Dichotomy of samples with respect to air-filled porosity and dissolved As concentration. n 1 , n 2 , n 3 , and n 4 designate the number of samples in different groups. Threshold air-filled porosity for As immobilization, ε th , was found using Eq. (S4).
and f(ε 0 ) (= n 1 n 4 − n 2 n 3 ) is computed at 2. Repeating calculations for various values of ε 0 with an increment ∆ε 0 of 0.01 m 3 m −3 , we find a maximum value of f(ε 0 ) = 69 with ε 0 = 0.06 m 3 m −3 , and thus identify ε th = 0.06 m 3 m −3 . The ε th values for different depths and fields were identified in a similar way. Table S1 . Identification of threshold air-filled porosity, ε th , for arsenic immobilization (5-10 cm depth in Field A) by finding ε 0 which gives a maximum value of f(ε 0 ) (= n 1 n 4 -n 2 n 3 ). ) for dividing the samples into two groups. n 1 , n 2 , n 3 , and n 4 , the number of the samples with ε < ε Table S4 . Composition of dissolved arsenic species in different classes of total dissolved concentrations.
Total dissolved As concentration . Relationships between dissolved As concentration and sodium acetate-extractable Fe(II) for soil cores taken from 0-5 cm, 5-10 cm and 10-15 cm depths in the prolonged flooding and water-saving plots of Fields A, B, and C. Pearson correlation coefficients (r) calculated for aggregated samples for each depth of the fields are also shown. *** P < 0.001, ** P < 0.01 and * P < 0.05. 
